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Adult Diapause Induced by the Loss of Water Surface in the
Water Strider, Aquarius paludum (Fabricius)
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ABSTRACT—Adults of Aquarius paludum collected in autumn were reared on a water surface or, alternatively, on a
wet-paper surface under 10L-14D at 20+2°C. After the photoperiod was changed to 15.5L-8.5D terminating reproduc-
tive diapause, the percent of individuals adopting diapause posture decreased from more than 50% to 20% on the water
surface, while more than 50% of the individuals on the wet paper continued to show diapause posture for 35 days.
Moreover the adults placed on the wet paper surface were less fecund than those on the water surface.

INTRODUCTION

Water striders of the genera Aquarius, Limnoporus, and
Gerris are predatory bugs living on the surface of the bodies
of fresh water [18]. In general, they survive winter as adults
at overwintering sites on land, appear and reproduce on the
water surface in spring and summer [18]. Loss of water
surface by desiccation in spring and summer means loss of
habitat for water striders and that situation seems to make
them choose for flying to other water surfaces or for entering
diapause behaviorally and reproductively at the site without
water surface until water returns. Wilcox and Maier [20]
reported that adults of a water strider, Aquarius remigis
estivated facultatively with diapause posture during summer
in damp area underneath stream bed-rocks when a pool in a
small stream became dry. Estivation is common among
insects and can be induced by relatively predictable factors of
environment, such as photoperiod and temperature, or by
unpredictable factors, such as wet or dry condition [1, 2, 13,
19]. Wilcox and Maier [20] showed the evidence for be-
havioral association with a damp-microhabitat, but not for
specific cues that instigated the striders’ diapause behavior in
Aquarius remigis. In the case of water striders, the loss of
water surface may be an important cue to induce estivation
including diapause behavior and reproductive diapause.
However, this point has not been studied so far.

Overwintered (long-winged) adults of Aquarius paludum
kept under outdoor conditions laid eggs shortly after they
were moved from fallen leaves to the water surface at the
beginning of March, although the transfer to water surfaces
was earlier than in nature [8]. This earlier reproduction
suggests that the water surface is a cue that induces the
maturation of the reproductive system. Conversely, the lack
of water surface in reproductive season might be a causal
factor of reproductive suppression or diapause.
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The present work aims at examining the effects of loss of
water surface on diapause posture by adults and repro-
duction.

MATERIALS AND METHODS

Fifth instar nymphs destined to overwinter as adults were
collected from a pond in Sakurai (34°31’N, 135°22’E), Nara Prefec-
ture, Japan in the middle of October, 1992, and allowed to complete
development under outdoor conditions. Males and females with the
same wing form were paired just after emergence and held in
individual plastic pots. Adults grown under short-days enter di-
apause, and the diapause is kept under short-days and terminated by
long-days [7, 10]. Pairs were kept on water under a short-day
(10L-14D) at 20+2°C for 20 days to remain diapause.

After that, some of them were moved onto wet paper. The rest
was maintained on the water surface. Five days later, the photo-
period was changed to 15.5L-8.5D terminating reproductive di-
apause. Adults were checked every 1-2 days at 13:00 to see if they
had adopted a diapause-posture (positioning of all six legs along the
body to resemble a stick). In this study, the preoviposition period,
which was defined as the days after the change to the long-day, and
the number of eggs were examined evey 1-2 days.

The plastick pots, 14 cm in diameter and 5 cm in depth, were
used for the rearing of adults and filled with water to a depth of 5-10
mm or with wet-paper on the bottom, and each pot was provided with
a wooden stick, about 1 cm in diameter and 12 cm long, for oviposi-
tion or resting site. Water striders could walk on the wet paper and
the stick was kept wet. Therefore the main difference between the
two conditions was that in mechanical stimulus on the tarsa of the
legs. The water and wet paper were exchanged every day and the
striders were fed on flies Fannia canicularis L. every day at the rate of
one per one pair.

RESULTS AND DISCUSSION

On the water surface, females began to lay eggs at 14-16
days after the change to the long-day photoperiod (Table 1).
On the other hand, some of the females on the wet paper
began to lay eggs as much as 10 days later, though the rest
began to do so at the same time as those on the water surface.
The number of eggs per female on the wet paper was similar
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TaLE 1. Influence of shortage of water surface on the oviposi-
tion process

On wet paper On water surface

Preoviposition
period (days)*

19.6+8.1 (7) 15.7+1.9 (6)
Number of eggs**

0-5 days 29.3+14.7 (7) 40.0+13.0 (6)
5-10 48.6+26.9 (7) 52.0422.2 (6)
10-15 36.3+21.8 (7)* 79.2430.2 (6)
15-20 31.4£17.9 (1)* 55.2+18.2 (5)
20-25 23.0+22.8 (7)* 91.6+15.5 (5)
25-30 6.0+4.7 (4)* 67.8423.5 (5)

Total fecundity***  180.4+105.8 (5)% 398.4+80.4 (5)

Values are mean+S.D. (n).
* Days after the change to the long-day photoperiod.

** Number every 5th day after the onset of oviposition.
*** Total number of eggs for 30 days after the onset of
oviposition.

# P<0.05 on Mann-Whitney U-statistics for differences be-
tween the two conditions.

to that on the water surface over the first 10 reproductive days
(Table 1). After that, females on the water surface con-
tinued to lay 50-95 eggs per female and per 5 days over days
10-52 after which time they died (Table 1). However, on
the wet paper, the number of eggs decreased (Table 1) and
four of seven females finally stopped laying eggs 20-30 days
after the onset of oviposition. The four females had no or
only a few matured oocytes in their ovaries at the time they
died, while the females on water surface had matured ones
more than 20. In addition to seven females in Table 1, two
females survived for 23 or 33 days after the change to the
long-day without laying eggs and died on the wet paper.

Under the short-day photoperiod, the percent adopting
diapause posture increased up to more than 50% on both the
water surface and the wet paper (Fig.1). On the water
surface, the high number of individuals showing diapause
posture decreased to 20% after the change to the long-day
photoperiod. On the wet paper, however, diapause posture
was mostly maintained for 35 days. The number was signif-
icantly higher on the wet paper than on the water surface
through the 35th day after the change to the long-day
photoperiod (¥*test: P<0.05). The number of females
adopting diapause behavior was similar to that of males in
both groups throughout the entire rearing period.

The loss of water surface induces the prolonged preovi-
position period by some females and makes the adults take a
diapause posture even under the photoperiod terminating
adult diapause. These results suggest that the unpredictable
loss of water surface is a factor delaying the termination of
winter-diapause in spring. Moreover the dramatical de-
crease in fecundity and the following reproductive diapause
which are caused by water loss imply the adopting of summer
diapause in the case of dessication during reproductive
season.

Polymorphism for dispersal ability or tendency is wide
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Fic. 1. Effect of a shortage of water surface on diapause-posture
under 15.5L-8.5D at 20+2°C. Symbols are based on data
obtained for 5 days. Open and solid circles are for the adults
maintained on the water surface and wet paper, respectively.
The day when adults were transferred onto the wet paper is
shown with an arrow. n=28-96 for each 5 days in the wet-
paper-group; n=16-72 in the water-surface-group.

spread among insect species [3, 4, 11, 12]. Some studies on
Gerridae and Gryllidae show that the proportion of winged
adults, flight propensity or performance, development and
maintainance of flight muscle, allocation of energy to trig-
lycerides (flight fuel), ovarian development, and fecundity
are genetically correlated and this series of correlatd traits can
be called the migratory syndrome [5, 6, 14, 15, 16, 17].
Aquarius remigis of which the estivating adults were observed
[20] show these traits with low dispersal tendency [6]. A.
paludum also show relatively higher extent of wing reduction
than other Japanese Aquarius and Gerris species excluding
G. amembo [9, 10]. Therefore, when water in habitats goes
dry, the adopting of diapause, which can be induced by the
loss of water surface in A. paludum, is proposed to be also
another negatively correlated trait for dispersal tendency.

ACKNOWLEDGMENTS

I would like to thank Professor Dr. John R. Spence, Department
of Biological Sciences, University of Alberta, for invaluable and
critical comments-on this study.

REFERENCES

1 Beck SD (1980) Insect Photoperiodism. Academic Press,
New York, 2nd ed, 387 pp.

2 Danks HV (1987) Insect Dormancy: an Ecological Perspec-
tive. Biological Survey of Canada, Ottawa, 439 pp.

3 Davis MA (1980) Variation in flight duration among individual
Tetraopes beetles: implications for studies of insect flight. J
Insect Physiol 26: 403-406

4 Davis MA (1980) The flight duration and migratory ecology of
the red milkweed beetle (Tetraopes tetraophthalmus). Ecology
65: 230-234

5 Fairbairn DJ (1994) Wing dimorphism and the migratory syn-
drome: correlated traits for dispersal tendency in wing dimorphic



10

11

12

Effects of Water-loss in Aquarius 857

insects. In “Proceedings of Memorial and International Sym-
posium on Dispersal Polymorphism of Insects” Ed by F Naka-
suji, K Fujisaki, Okayama Univ., Okayama, pp 143-152
Fairbairn DJ, Desranleau L (1987) Flight threshold, wing
muscle histolysis, and alary polymorphism: correlated traits for
dispersal tendency in the Gerridae. Ecol Entomol 12: 13-24
Harada T (1991) Effects of photoperiod and temperature on
phototaxis in a water strider, Gerris paludum insularis (Mots-
chulsky). J Insect Physiol 37: 27-34

Harada T (1993) Reproduction by overwintering adults of
water strider, Aquarius paludum (Fabricius). Zool Sci 10: 313-
319

Harada T, Taneda K (1989) Seasonal changes in alary
dimorphism of a water strider, Gerris paludum insularis (Mots-
chulsky). J Insect Physiol 35: 919-924

Harada T, Numata H (1993) Two critical day lengths for the
determination of wing forms and the induction of adult diapause
in the water strider,
schaften 80: 430-432
Harrison RG (1980) Dispersal polymorphisms in insects.
Ann Rev Ecol Syst 11: 95-118

Johnson CG (1969) Migration and Dispersal of Insect by

Aquarius  paludum. Naturwissen-

13

14

15

17

18

19

20

Flight, Methuen, London, 763 pp
Masaki S (1980) Summer diapause. Ann Rev Entomol 25: 1-
25

Palmer JO (1985) Migration: Mechanisms and Adaptive Signi-
ficance. Contributions to Marine Science, 27 (Supplement):
663-673

Roff DA (1990) Antagonistic pleiotropy and the evolution of
wing dimorphism in the sand cricket, Gryllus firmus. Heredity
65: 169-177

Roff DA (1994) Evidence that the magnitude of the trade-off
in a dichotomous trait is frequency-dependent. Evolution 48:
(in press)

Roff DA, Fairbairn DJ (1991) Wing dimorphisms and the
evolution of migratory polymorphisms among the insecta. Am
Zool 31: 243-251

Spence JR, Andersen NM (1994) Biology of water striders:
interactions between systematics and ecology. Ann Rev En-
tomol 39: (in press)

Tauber MJ, Tauber CA, Masaki S (1986) Seasonal adaptations
of Insects, Oxford Univ. Press, New York, 411 pp

Wilcox RS, Maier HA (1991) Facultative estivation in the
water strider Gerris remigis. Can J Zool 69: 1412-1413




